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Abstract
At first, we consider the path integral method for the covariant symmetry
breaking in gravity. We replace the scalar fields, instead of the degrees of
freedom which have been removed by gauge fixing constraints. Finally the
specific ghost degree of freedom, remains excluded via one of the constraints.
Secondly, we define an auxiliary effective action. Entering an auxiliary field,
we will have a new dynamic field separated from the fundamental field.
1 Introduction.a
Chamseddin and Mukhanov have defined a new kind of the covariant higgs mech-
anism method in gravity [1]. By use of the original metric and scalar fields, they
defined a new metric as the following,
HAB(x) = gµν(x)∂µφ
A(x)∂νφ
B(x)
They added a new term functional of HAB to the Einstein and Hilbert action such
that creates the Fierz and Pauli mass terms [2]. The action for the scalar fields that
they considered is:
S(φ) ∝
∫
(d4x
√−g) 3( 1
16
H2 − 1)2 −HABH
B
A
Such that,H = HAA and H
A
B = H
A
B − δ
A
B
4
H .
In fact, their symmetry breaking produces a linearly ghost free gravity with one
metric in four dimensions. Deser and Boulware had explained a problem in massive
gravity [3]. There is a ghost degree of freedom is coupled to the five degrees of
freedom of the massive gravity. To solve the problem, Isham, Salam and Strathdee
defined a bigravity with a massless gravity coupled to a massive gravity [4], [5].
Dvali, Gabadadze, and Porrati presented a gravity on five dimensions with an extra
dimension [6]. Their gravity on a determined background is free of ghosts. In the
letter of Chamseddin and Mukhanov [1], A ghost free massive gravity with only
one metric without extra dimension, via the symmetry breaking method has been
done. And the absorption of the higgs scalars to the massless graviton to generate
a massive graviton, has been shown.
Using the scalar fields for symmetry breaking in gravity field theory, has been
explained by t’Hooft [7], at first time. Non zero values of the vacuum expectation
of the scalar fields, produced the terms added to the massless gravity action. The
produced terms did not have the Fierz-Pauli term, and the ghost degree of freedom
could not be excluded.
Here, we want to introduce the Chamseddin-Mukhanuv mechanism in path in-
tegral formulation. The scalar fields is added to the degrees of freedom of the gauge
fields. Through considering the expectation values of the scalar fields as a fixed
gauge, we present a gauge symmetry breaking field. In section 3, we explain the
defined method to obtain a massive vector field. In section 4, we obtain a massive
gravity, while considering one of the gauge fixing constraints to eliminate the ghost
degree of freedom.
2 Introduction.b
To describe some of the properties of the universe, the scalar fields are very use-
ful. For example C. Armendariz-Picon, V. Mukhanov and Paul J. Steinhardt have
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defined the K-essence scalar field [13], an evolving scalar field that produces a neg-
ative pressure in the beginning of the matter dominant epoch. In their method, the
problem of cosmic coincidence has been resolved without use of fine-tuning. They
have used a non-linear kinetic energy density as a functional of X = gµν∂µφ∂νφ, to
explain the reason of cosmic expansion. If we can find the other fields of the theory
(metric field as an example), as the functionals of X or φ, then we will have all the
universe based on the only one scalar field and its internal dynamic.
In section 5, we will show the relation between the effective action of the indepen-
dent fields and the effective action of the dependent fields. Our method is inspired
by the paper of R. Fukuda and E. Kyriakopoulos [9],they have derived the effective
potential through the path integral with a constraint on the zero mode field.
3 symmetry breaking and the massive vector field
In the beginning, we want to change the higgs mechanism presentation slightly. We
add a scalar field to a gauge field degrees of freedom in an effective vacuum state.
New degrees of freedom will be presented as a massive vector field. We assume that
the main lagrangian density has been written as a function of a gauge field Aµ(x)
and also a complex scalar field φ(x):
L(A, φ) = −1
2
∂µAν∂
µAν +
1
2
∂νAµ∂
µAν +
m2
2
|∂µφ− iAµφ|2 + ... (3.1)
If the complex scalar field has been considered like φ(x) = ρ(x)eiχ(x), we will define
an effective action in this way:
Γ(v, ρ¯) = W (J,K)− Jµvµ −Kρ¯ (3.2)
In which:
eiW (J,K) =
∫
DADφDφ†eiS(A,φ)+i
∫
d4xJµ(Aµ−∂µχ)+i
∫
d4xKρ (3.3)
and,
vµ =
δW (J,K)
δJµ
, ρ¯ =
δW (J,K)
δK
(3.4)
If we consider
〈Aµ(x)− ∂µχ(x)〉 = 0,
〈ρ(x)〉 = 1,
〈χ(x)〉 = θ(x) (3.5)
as the expectation values in the broken symmetry effective vacuum, then the renor-
malization conditions for a symmetry breaking state, can be defined as:
δΓ(v, ρ¯)
δρ¯
|ρ¯=1,v=0 = δΓ(v, ρ¯)
δvµ
|ρ¯=1,v=0 = 0,
∫
dxeik(x−y)
δ2Γ(v, ρ¯)
δvµδvν
|ρ¯=1,vµ=0,onshell = k2ηµν − kµkν +m2 (3.6)
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Next, to obtain the defined effective action, one have to solve the path integral in
the equation (2.3). Considering the path integral measure, we will change the field
Aµ(x) to the field Vµ(x) = Aµ(x)− ∂µχ(x), and therefore we’ll have:
DA(x)δ(∂µAµ(x))Dφ(x)Dφ†(x) ∝
DV (x)δ(∂µV µ(x)− ∂2χ(x))Dχ(x)ρ(x)Dρ(x) (3.7)
Using this transformation, at the first step, we can obtain:
〈∂µV µ(x)− ∂2χ(x)〉 = 0 (3.8)
and also, through the equations (2.5):
∂2θ(x) = 0 (3.9)
In this way, θ(x) is a fixed classical gauge, in the gauge symmetry breaking mecha-
nism.
At the second step, via integrating out the field χ(x), we can remove the Dirac
delta function and therefore the path integral measure becomes to this form:
DV (x)det(∂2)ρ(x)Dρ(x) (3.10)
and therefore, one longitudinal degree of freedom from χ(x) and two vertical degrees
of freedom from Aµ(x), have been combined and have formed a spin-one field Vµ(x)
with three degrees of freedom. Finally, by considering this part of the scalar field
renormalized lagrangian density:
m2
2
|(∂µ − iAµ(x))eiχ(x)|2 (3.11)
and also through the renormalization condition equations (2.6), the free part of the
effective action as a function of vµ(x) could be presented like this:
∫
d4x[−1
2
∂µvν(x)∂
µvν(x) +
1
2
∂νvµ(x)∂
µvν(x) +
m2
2
vµ(x)v
µ(x)] (3.12)
and from here we can obtain a massive spin-one particle in the symmetry breaking
renormalized state.
4 symmetry breaking and the massive gravity
In this section, as in the previous one, by entering a scalar field into the degrees
of freedom of the gravitational metric, the gravitational gauge can be fixed as a
selected geometric coordinates. If the symmetric gravitational metric and the scalar
field have been presented like gµν(x) and φA(x), we can combine the symmetric
3
metric and the scalar field together to define a new field GAB(x) with additional
degrees of freedom. For doing such definition, we use the path integral method like
this:
eiW (J) =
∫
DGeiS(G)+i
∫
d4xJABG
AB
=
∫
DgDφDπeiSg(g)+i
∫
d4xJABg
µν∂µφ
A∂νφ
B+i
∫
d4xφ˙ApiA−Hφ(g,φ,pi) (4.1)
According to this definition, the relation between expectation values of gµν and GAB
can be written as:
〈GAB〉 = 〈gµν∂µφA∂νφB〉 (4.2)
Then to define the broken symmetry effective vacuum, the expectation values of
fields in such a vacuum,(as like as the equations (2.5),) have to be written like this:
〈φA(x)〉 = XA(x)
〈GAB(x)〉 = ηAB (4.3)
Such that,XA(x), is the fixed classical gauge or the fixed geometric coordinates, after
symmetry braking mechanism. And for the effective degrees of freedom presentation,
we use the fixed coordinates:
hAB(XC) = 〈GAB[xµ(XC)]〉 − ηAB (4.4)
For example in four dimensions, gµν has two degrees of freedom, therefore to obtain
a massive metric GAB, three degrees of freedom have to be added. In this way, in
the definition of a hamiltonian as a function of scalar field, only three degrees of
freedom have to be dynamic:
Hφ =
3∑
A=1
φ˙AπA − Lφ(φ, φ˙) (4.5)
The effective action, obtains through the partition function -defined in the equation
(3.1)- and also renormalization conditions. To obtain an effective action in the form
of a massive gravity, a part of renormalization condition defined in such a way that
the second order terms of the effective action could be written like:
Γ(2)(h) = ∂Ch
AC∂AhBB−∂ChAC∂BhBA+
1
2
∂ChAB∂
ChAB−1
2
∂Ch
A
A∂
ChBB−mhAAhBB+mhBAhAB
(4.6)
In this form of the effective action, because of Fierz-Pauli massive terms, we can find
five dynamics equations of motion and five constraint equations of motions. And
also we can have five dynamics renormalized degrees of freedom and five auxiliary
renormalized degrees of freedom. But, it should be noted that, with a very little
change in the massive terms, six dynamics degrees of freedom and four auxiliary
degrees of freedom will be created.
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To obtain the complete action, as like as the previous section, we have to attend
on the measure of the path integrals. In the second path integral in the equation
(3.1), the gauge fixed measure is:
Dg
3∏
A=1
DφADπA
4∏
A=1
δ(FA(g, φ))det(δF
A
δǫµ
) (4.7)
by defining FA(g, φ) = 0, as the gauge fixing constraints. Now, with the use of the
variable change GAB = gµν∂µφ
A∂νφ
B, and also through the integrating out of the
scalar fields and the Dirac delta functionals, we can face with the measure of the
first path integral in the equation (3.1):
DG[det(δG
AB
δgµν
)]−1δ(F4(G, φ))det(δF
A(G, φ)
δǫµ
)|φ=φ (4.8)
so that,
F1,2,3(G, φ) = δLφ
δφ4
|φ=φ = 0,
[det(
δGAB
δgµν
)]−1 =
∫
Dχe−χQ2χ, QAB CD = ∂µφA∂νφBδµCδνD (4.9)
In this way, a sort of massive quantum gravity has been approached that has
five bare degrees of freedom, because of the Dirac delta functional in the equation
(3.8). But there is a problem here: a very little displacement in the massive terms in
the renormalized condition equation (3.6), increases the number of the renormalized
degrees of freedom to six degrees, but such a displacement doesn’t have any effect
on the number of the bare degrees of freedom. In the other words, the elimination
of the sixth renormalization degree of freedom is because of a constraint equation
in the effective equations of motion(such a constraint equation goes to dynamic one
after a little change in the massive terms.), while the elimination of the sixth bare
degree of freedom is because of a constraint equation apart from the equations of
motion, F4(G) = 0.To solve the problem that has been described and to define
an equal representation between the renormalized degrees of freedom and the bare
degrees of freedom, we consider two propositions:
a. Massive terms in the action SG in the equation (3.1), have to be written in
the form of Fierz-Pauli terms.
b. We define F4(G) such that any metric GAB(x) that satisfies the constraint
equations of Fierz-Pauli action, satisfies the equation F4(G) = 0 as the same.
5 Auxiliary effective action
In this section, we want to define a new effective field theory which has new effective
fields in addition to the fields in the fundamental action. For this purpose, we will
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define a new partition function upon a new effective vacuum state. At first, the
partition function over the fundamental fields is as shown bellow:
eiW (J,K) =
∫
DφeiS(φ,X(φ))+iJφ+iKX(φ) (5.1)
Therefore we can write the partition function as follow:
eiW (J,K) =
∫
DφDXeiS(φ,X)+iJφ+iKXδ(X −X(φ)) (5.2)
If we rewrite the Dirac delta like,
∫ DZeiZ(X−X(φ)), we will have:
eiW (J,K) =
∫
DZeiV (J,K,Z) (5.3)
In this way,
eiV (J,K,Z) =
∫
DφDXeiS(φ,X)+iJφ+iKX+iZ(X−X(φ)) (5.4)
In the above equations, Z(x) is an auxiliary field. The path-integration over such
a field, determines the amount of the field X(x), from X [(φ(x))] as a functional of
the field φ(x). In the other words, considering all of the values of the field Z(x),
is equivalent to a complete set of facilities of measurement of the field X(x) as a
functional of the field φ(x).
Now, we define an effective measurement has been done in such a way that, the
obtained value of the field X(x) is deviated from the primary functional of the field
φ(x). In fact, the method of the defined measurement doesn’t have a complete set of
facilities. In such a measurement, the effective values of the fieldX(x) is independent
from the values of the field φ(x). In this case, we can define a partition function
that doesn’t have a path integration over The field Z(x), and for this reason, the
field X(x) is free from the field φ(x). Such a partition function as a functional of
the determined auxiliary field Z(x), is defined in the equation (4.4).
To choose the determined field Z(x) in this partition function, it should be noted
that if the effective measurement of the field X(x) is independent from the field φ(x),
but the expectation values of the field X(x) have to be dependent, in the auxiliary
vacuum state:
〈ΩZ |X(x)|ΩZ〉 = 〈ΩZ |X [φ(x)]|ΩZ〉 (5.5)
In this case, through the equation (4.4), we will have:
δV (J,K, Z)
δZ
|J=K=0 = 〈ΩZ |X(x)−X [φ(x)]|ΩZ〉 = 0 (5.6)
Therefore, the determined field Z(x) is the extremum point of the defined partition
function.
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Also we define a new effective action named auxiliary effective action as follow:
Γ(ϕZ , XZ , Z) = V (J,K, Z)− JϕZ −KXZ (5.7)
while the effective fields have been defined:
XZ =
δV (J,K, Z)
δK
, ϕZ =
δV (J,K, Z)
δJ
(5.8)
Thus, the extremum of the partition function is the extremum of the effective action,
as the same:
δΓ(ϕZ , XZ , Z)
δZ
=
δV
δJ
δJ
δZ
+
δV
δK
δK
δZ
+
δV
δZ
− δJ
δZ
ϕZ − δK
δZ
XZ
=
δV (J,K, Z)
δZ
= 0 (5.9)
And then, for computing the effective action, we have to prescribe related renormal-
ization conditions. The renormalization conditions in the first and the second order
are:
δΓ(ϕZ , XZ , Z)
δϕZ
|ϕZ=0,Xz=0 =
δΓ(ϕZ , XZ , Z)
δXZ
|ϕZ=0,Xz=0 = 0 (5.10)
And also,
∫
dxeip(x−y)
δ2Γ(ϕZ , XZ , Z)
δϕZ(x)δϕZ(y)
|ϕZ=0,Xz=0,p2→m2φ → p
2 −m2φ
∫
dxeip(x−y)
δ2Γ(ϕZ , XZ , Z)
δXZ(x)δXZ(y)
|ϕZ=0,Xz=0,p2→m2X → p
2 −m2X . (5.11)
For more conditions, we can consider the higher order derivatives of the effective
action as the vertices in the Feynman diagrams.
Finally, we can find the relation between the expectation values in the fundamen-
tal vacuum state and the expectation values in the auxiliary vacuum state. Using
the equations (4.3),(4.8) we will have:
〈Ω|φ(x)|Ω〉 = δW (J,K)
δJ
= e−iW (J,K)
∫
DZeiV (J,K,Z)δV (J,K)
δJ
=
∫ DZeiV (J,K,Z)ϕZ∫ DZeiV (J,K,Z) (5.12)
And also in the same method:
〈Ω|X [φ(x)]|Ω〉 =
∫ DZeiV (J,K,Z)XZ∫ DZeiV (J,K,Z) (5.13)
And therefore we can say that in fact, the fundamental expectation value is the
average of the values obtained from all effective measurements.
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6 Conclusion
In this paper, The first purpose was adding the scalar degrees of freedom to the
set of a gauge field, per unit quantum state. In fact, by using the path integration
over the scalar fields, we have restored the gauge degrees of freedom which had been
removed by gauge fixing mechanism. In the massless gravity, one of the removed
degrees of freedom is ghost, and we didn’t have to restore it. Therefore one of the
gauge fixing constraints, remains in the massive gravity partition function. But of
course the remained constraint is compatible with the constraint equations of motion
of Fierz-Pauli massive gravity.
The second subject we have studied, was obtaining new measurable fields from
the fundamental scalar field of the theory. We defined a new field as a functional of
the fundamental field and we considered a situation of measurement, in which, the
results of the new field are independent values. Assume that In the fundamental
situation of measurement, the observed values are not separated. But the question
is: in what case of observation, the universe is formed by some independent fields?
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